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Heat Capacity and Other Thermodynamic Properties of Linear 
Macromolecules. 

IX. Final Group of Aromatic and Inorganic Polymers 

Umesh Gaur, Suk-fai Lau, and Bernhard Wunderlich 

Department a/Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12181 

In this final review, a series of polymers which include aromatic rings and/or inorganic 
chain-atoms are treated. Heat-capacities of poly(4,4' -isopropylidenediphenylenecarbon
ate), polyphenylenediamides, polyheteroarylenes, poly (dimethyl siloxane), poly(diethyl si
loxane), poly(trimethylsilyl.ethylene), poly(dimethylphenylsilyl ethylene), poly(dimethyl
benzylsilyl ethylene), poly(vinylene diphenylsilylene), poly(vinylene diphenylgermylene), 
poly(diethnyl diphenysilylene), poly(diethnyl diphenylgermylene), poly(2,3,4,S-tetra
phenyl-l, l-diethylgermocyclopentadiene), poly(phenylsilsesquioxane), poly[ ethylene 
-N-(P-trimethylsilylethyl)imine] and polysulfones have been reviewed on the basis of mea
surements on 36 samples reported in the literature. All heat capacity data are compiled 
and a set of recommended data are derived. Enthalpy and entropy functions are calculated 
for poly(4,4'-isopropylidenediphenylene carbonate) and poly(dimethyl siloxane). 

Key words: enthalpy; entropy; glass transition; germanium polymers; heat capacity; linear macro
molecules; polycarbonate; poly(dimethyl siloxane); polyheteroarylene; polyphenylenediamide; po
lysulfone; silicon polymer. 
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This is the last paper in a series of discussions on the 
heat capacity of linear macromolecules. In the earlier pa
pers,I-8 the heat capacity of selenium, polyethylene, poly
propylene, polystyrene and various types. of pol yoxid es., po
lyesters, polyamides, acrylic polymers, and other carbon 
backbone polymers have been analyzed. This paper deals 
with acrylic polymers which contain aromaticb groups, 
and/or inorganic chain atoms.C These polymers are used as 

a See AlP document no. PAPS JPCRD-I2-0091-7 for 7 pages of data tables. 
Order by PAPS number and journal reference from American Institute of 
Physics; Physics Auxiliary Publication Service, 335 East 45th Street, New 
York, N. Y. 10017. The price is $1.50 for a microfiche or $5.00 for photoco
pies. Airmail is additional. This material also appears in Current Physics 
Microform, the monthly microfilm edition of the complete set of journals 
published by AlP, on the frames following this journal article. 

b Some other polymer containing phenyl group have been analyzed in pre
vious publications: poly(oxy-l, 4-phenylene)s,3 polystyrene,S poly(vinyl 
benzoate)s,7 poly(ethylene terephthalate).8 

C In our classification of polymers, an inorganic chain atom is any atom 
besides carbon and oxygen. 
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engineering thermoplastics and their use as heat resistant 
materials has increased in the recent past. 

The aromatic polymers analyzed-in this paper are: 
poly(4,4' -isopropylidenediphenylene carbonate), 
poly[ carbonylimino( 6-hydroxy-1, 3-phenylene) methy

lene-(4-hydroxy-l, 3-phenylene)iminooarbonyl-l, 3-phenyl
ene, 

poly(imino-1, 2-phenyleneiminoisophthaloyl), 
poly(imino-1, 3-phenyleneiminoisophthaloyl), 
poly(imino-l, 4-phenyleneiminoisophthaloyl), 
poly(imino-1, 2-phenyleneiminoterephthaloyl), 
poly(imino-l, 3-phenyleneiminoterephthaloyl), 
poly(imino-3, 5-pyromellitolylimino-l, 4-phenylene-

oxy-l,4-phenylene), 
poly(pyroazolino[3,4-C]quinazoline-3, 5-diyl-1, 3-

phenylenepyroazoline[3,4-C]quinazoline-5, 3-diyl-1, 4-phe
nylene), 

poly(imino-l, 2-phenylene-4H-l, 2, 4-triazole-3, 5-diyl-
1, 3-phel1ylcne-4H-l, 2, 4-triazolc-J, 5-diyl-l, 2-phenylcnci
minoterephthaloyl), 
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poly(2,5-benzoxazolediylmethylene-5, 2-benzoxazole
diyl-l, 3-phenylene), 

poly(5,7-dihydro-l, 3, 5, 7-tetraoxobenzo [1,2-c:4, 5-c'] 
diphyrrole-2, 6[IH,~H]-diyl-l, 4-phenyleneoxy-l, 4-phertyl
ene), 

poly[oxy(4-amino-l. 3;.phenylene)iminocarhonyl-(4,9-
dicarboxytricyc1o[ 4.2.2.02,5]-7 -decane-3, 10-diyl)carbonyli
mino-(6-amino-1, 3-phenylene)], 

poly(hydrazocarbonyl-l, 4-phenylene-2, I-benzo[ c lfur
one-3, 3-diyl-1, 4-phenylenecarbonylhydrazoterephthaloyl), 

poly(1,4-phenylene-l, 3, 4-oxadiazole-2, 5-diyI-I, 4-
phenylene-2, I-benzo[c]-furone-3, 3-diyl-l, 4-phenylene-l, 
~4-oxadiazole-2, 5-dlyl)~------- . ---

and poly[ 6,6' -bis[3,3' -diphenylquinoxaline)-2, 2' -diyl-
1, 4-phenyleneoxy-l, 4-phenyl~ne). 

The polymers with inorganic luaill or sid~ chain atoms 
analyzed in this paper are: 

poly(dimethyl siloxane), 
poly(diethyl siloxane). 
poly(trimethylsilyl ethylene), 
poly(dimethylphenylsllyl ethylene), 
poly(dimethylbenzylsilyl ethylene), 
poly(vinylene diphenylsilylene), 
poly(vinylene diphenylgermylene), 
poly(vinylene diphenylsilylene vinylene diphenylger-

mylene), 
-poly(diethnyldiphenylsilylene); 
poly(diethnyl diphenylgermylene), 
poly(2.3.4. 5-tetraphenyl-1. l-iliethnylgermocyclopen-

tadiene), 
polyphenylsilsesquioxane, 
poly[ ethylene-N-(p-trimethylsilyethyl)imine], 
poly(propene sulfone), . 
poly( I-butene sulfone), 
and poly(l-hexene sulfone). 
This is the last pap~r ill a St:l-it:S of discussions on heat 

capacities of linear macromolecules. In this series the avail
able heat capacity data on all the linear macromolecules 
have been compilerl and analyzed. 

2. Recommended Data on Heat Capacity 
and Thermodynamic Properties of 

Aromatic Polymers 
2.1. Poly(4,4'-isopropylidenedlphenylene carbonate) 

This industrially important polycarbonate is made by 
condensation of 4,4-dihydroxydiphenyl-2, 2-propane and 
phosgene in the presence of alkali. Its repeating unit is C6H 4-

C(CH3h-C6H4-OCOO-with a formula weight of 254.29. 
The crystal structure of poly{4,4' -isopropylidenedi

phenylene carbonate), thereafter referred to as polyearbon
ate, is monoclinic (space group Pc). The molecular chains 
which form a 16*2/1 helix along the crystallographic c-axis 
are 15 %-20% shortened from the fully stretched form to 
achieve closer carboxyl alignment. The unit cell parameters 

have been determined by Bonart9 

a = 1.23 nm, b = 1.01 nm, c = 2.08 nm, Y = 84. 

The crystalline density is 1.314 Mg m-3 at 298 K whi~h 
corresponds to a packing density of 0.72.10 The equilibrium 
melting parameters have been summarIzed by Wunder
lich1o,1l at T~ = 568 K and .tJH~ = 33.6 kJ mol-to 

The density of amorphous polycarbonate at room tem
perature is 1.196 Mg m-3• This corresponds to a packing 
density of 0.66. The glass transitioil for amorphous polycar
bonate is well established at 418 K.12 

Thirteen investigations ofthe heat capacity of poly(4,4'
isopropylioerieoipheylene-carbonate) have been repoIied-iif 
the literature. Heat capacity of 16 samples of various crystal
linities and molecular weight have been measured over a 
wide range of temperature. 

All investigations were critically evaluated in terms of 
sample characterization, experimental technique, error lim
it, and accuracy of representation of data. It was found that 
only three of the thirteen investigations met our standards of 
acceptable data (discussed in Ref. 1). These investigations 
are listed in Table 1. They contain heat capacity data on five 
polycarbonate samples of low crystallinity (we = 0 - 0.25). 
Ten investigations which did not contain acceptable data 
were not included in further analysis. These are listed in 
Table 2, along with brief comment~ on the reasons for exc1u
~~~n frQ.~t~~~ stucly. 

The heat capacity data on various polycarbonate sam
ples retrieved from the literature are given in Tables A 1 to 
A4. These tables have been deposited with the Physics Aux
iliary Publication Service of the American Institute of Phy
sics. The low temperature data (below 5 K) are given in Table 
AI. Tables A2 and A3 contain data on various polycarbon
ates below and above the glass transition, respectively. Final
ly, Table A4 contains data on various molten samples of 
polycarbonate. 

Heat capacity measurements on amorphous polycar
bonate are available over the entire temperature range from 
o to 560 K. For semicrystalline samples, the measurements 
are restricted to samples of low crystallinity and cover a li
mited temperature range (above 120 K only). Moreover, 
O'Reilly et al.14 have established that from 120 K to the glass 
transition, the heat capacity has limited or no dependence on 
the crystallinity. Thus, the crystallinity dependence of the 
heat capacity (which would be expected to be significant at 
lower temperatures) cannot be estimated at present over the 
whole temperature range. Thus, the recommended data 
have been derived for amorphous polycarbonate only. 

From 0 to 4 K, the data of sample 6 are recommended 
and from 10 to 110 K, the data of sample 1 are recommend
ed. From 120 K to the glass transition temperature (418 K), 
the recommended data were obtained by curve fitting the 
heat capacities of samples 1, 2, 3, and 4 into the equation 

Cp = exp[0.0436596(ln T)3 - 0.660333(ln T)2 
+ 4.260'(ln T) - 5.19373] J mo1- 1 K -1. (I) 

The rms deviation was 1.0%. 
To ohtain recommended heat capacity data on molten 

polycarbonate from 418 to 560 K, the heat capacities on 

J. Phys. Chern. Ref. Data, Vol. 12, No.1, 1983 
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Table 1. Ilea t capaci ty measurelllen ts 0 f poly (4,4' - isopropy1edenedipileny lene carbonate) 

Investigator Sample no., 
cha racteri za tion 

Dainton 
er. a1. 
(1962) [I3} 

O'Reilly 
et a1. (1963) 
[14] 

2. Lexan a 

Nv =40,OOO 

Powder 

611f = 5.89 kJ mol- l 

w c
= 0.18 

3. Lexana 

Nv = 40,000 

_S()~l!.tio_~D'S~a,~~~zlO~_ 
lIH

f 
8.23 kJ mol- l 

W
c 

= 0.25 

4. Lexan a 

M = 40,000 
V 

Q""mchod 

wc 
~O 

Temperature 
-range (K) 

20-310 

120- 550 

240-560 

380-550 

Experimental 
technique 
( cIa imed uncertainty) 

Adiabatic 
(1 %) 

Adiabatic 

(0.4%) 

Adiabatic 
(0.4% ) 

Adiabatic 
(0.4%) 

Source 
data 

Table 

Graph 

Graph 

Graph 

of 

Lexan 
a 1).4-4.25 Ileat Pulse Equation b Cicloszyk 6. 

et a1. 
p' = 1.19 ~Ig 

- 3 (10% ) 
In 

\'1
e ~: 0 

(1973) [15] 

<ILexan isthe trade name for poly(4,4'-isoprop)'litienediphcnylene carhonate) 
manufactured hy Genera] Electric Company. 

bThe data given in tabular [arm \~cre curve fitted into the equation 
ep = exp[-0.30631(lnT)' + 0.260113(ln'l')' + 3_19906(ln'l') - 9.8971] J mol- I K- 1 

(R~lS dev. = 2.1':.). 

Table 2. Investigations on heat capacity of 

poly (4,4' - i sopropy1 idened i pheny lene carbonate) 

not included in this study 

Reference 

liellwege et a!. (1962) 
[16 J 

Steere (1966.) [17] 

Pa rk and Uhlmann 
(1973) [18} 

Bashirov ot a1. (1975, 
1976) [19, 20] 

Adam et a1. (1976) 
(Zl J 

Zem1yanoi and Dushchenko 
(1976) (22] 

Dush.:hcnko ct a1. l19:-:-) 
[23] 

Belustotskii ct al. 
(1977) [24] 

Reason (s) for exclus ion 

lIeat capacity data reported for 
~larkolon (Farbenfabriken Bayer AG) 
from 300 to 450 K. Their data 
differ 5- 8% from the data reported 
hero. 

Heat capacities per unit volume 
havo been reported. These values 
arc not directly comparable to 
tho da ta pres en ted here. 

lIeat cap aci ty measurements reported 
from 360 to 460 K on a dralm sample 
(55.6% elongation) after annealing 
,it 423 K. 

Sample characterization not reported. 
Data could not be read accurately 
from too small graphs. 

Ileat capacity data reported for 
uu' o.JIlt)I·jJhuu~ :,ctUlplt! ct1HI <t ~t:lUi

crystal! ine sample. Their data is 
5- 30~ lo\~er than the recommended 
values reported here. 

Data could not be read accurately 
from too small l!raphs. 

lIeat capacity data reported in the 
glass transition region as" a 
function of heating rate. 

The" pressure dependence of heat 
capacity was investigated from 
simultaneous measurements of thermal 
conductivity and diffusivity at 303 
and 333 K in the pressure range 
0-2.5 bar. Heat capacity increases 
by about 5% I,ith pressure. 

Data could not be read accurately 
from too small graphs. 

samples 2,3, and 4 were curve fitted into the equation 

Cp = 0.579 T + 237.08 J mol- 1 K- 1
• (2) 

The recommended heat capacity data on amorphous 
polycarbonate are listed in Table 3 and plotted in Fig. 1. 
These heat capacities were used to derive thermodynamic 
functions for amorphous polycarbonate. These are also list
edin Table 3. H ~ and S ~ refer to zero point enthalpy and The rms deviation was 0.6%. 

J. Phys. Chem. Ref. Data, Vol. 12, No. 1, 1983 
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FIG. 1. Recommended heat capacity data for poly(4,4'-isop(opylidenedi
phenylene carbonate}. 

Table 3, Recommended thermodynamic data for amorphous 
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2<17.0 

0,0 
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0.0000037 
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0.0000513 
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0.000146.b 

0.0006554 
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17.98 
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245.9 
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Table 3. Recommended thermodynamic data for amorphous 

poly ( 4! 4 I - isopropyl idenediphenylene carbonate) a - -Continued 

T(K) Hi-H~ 

250. U 

2ull.0 

UlJ.lJ 

273.1S 

LSO,O 

2DO. () 

298.15 

300.0 

HO.D 

320.0 

330.0 

340.0 

350.0 

360.0 

370.0 

:51l0.0 

390.0 

256.8 

Ub.1 

27!l.1i 

286.7 

296.7 

304.9 

306.8 

·316;9 

327.1 

337.4 

347.7 

358.1 

368.5 

379.1 

.HS~.I 

400.3 

400.0 411.1 

410.0 421.9 

41S.0(Tg) 430:6 

41S.0(Tg) 479.1 

420.0 480.3 

430.0 486.0 

440.0 491.8 

4S0.0 497.6 

40lJ.U ~Uj.4 

470.0 509.2 

480.0 515.0 

490.0 520.8 

500.0 526.6 

510.0 532.4 

520.0 538.2 

530.0 543.9 

540.0 549.7 

550.0 5SS.S 

560.0 561.3 

33371. 

35988. 

31:l70S. 

395%. 

41522. 

44439. 

46906. 

47456. 

50575-; 

53795. 

57117. 

60543. 

64072 • 

67705. 

71443. 

"lS21:l7, 

79237. 

83294. 

87459. 

90869. 

90869. 

91828. 

96659. 

101548. 

106495. 

111500. 

116563. 

121684. 

126863. 

132100. 

137395. 

142748. 

149159. 

153627. 

159153. 

164737. 

266.5 

276.7 

287.0 

290.3 

297.2 

307.5 

315.9 

317.7 

327.9 

33B.2 

348'.4 

358.6 

368.8 

379.1 

389.3 

399.6 

409.8 

420.1 

430.4 

438.6 

438.6 

440.9 

452.3 

463.5 

474.6 

485.6 

496.5 

507.3 

5.l8 . 0 

528.6 

539.0 

549.4 

559.7 

569.9 

580.1 

590.1 

aThe table may contain more Significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the 

purpose of smooth representation. 

residual entropy of the polymer. 
The heat capacity change at the glass transition is 48.5 

J mol- 1 K- 1. 

2.2. Polyphenylenediamides 

Three investigations26-28 have been reported in the li
terature on the heat capacity of polyphenylenediamides. The 
heat capacity of the following polyphenylenediamides have 
been measured: 

I. Poly[ carbonylimino-( 6-hydroxy-l, 3-phenylene)
methylene-(4-hYdroxy-l, 3-phenylenejiminocarbonyJ-I, 3-. 
phenylene] (formula wt. = 360.37). 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 
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II. Poly(imino-l, 2-phenyleneiminoisophthaloyl) (for
mula wt. = 238.24). 

-NI-I HN-CO 

V Oco-
III. Poly(imino-l, 3-phenyleneiminoisophthaloyl) (for

mula wt. = 238.24). 

IV. Poly(imino-l, 4-phenyleneiminoisophthaloyl) (for
mula wt. = 238.24). 

V. Poly(imino-l, 2-phenyleneiminoterephthaloyl) (for
mula wt. ~ 238.24). 

- HN NH ocOco-
b 

VI. Poly(imino-l, 3-phenyleneiminoterephthaloyl) (for
mula wt. = 238.24). 

-HN 

QNHocQCO-

VII. Poly(imino-3, 5-pyromellitolylimino-l, 4-pheny
leneoxy-l, 4-phenylene) (formula \Vt = 4J R3~\. 

-NHOCYp COHVOV 
I-IOQC~CQQH 

All measurements have been reported by Karayakin 
and co-workers and meet our standards· of acceptable data 
(discussed in Ref. 1). Heat capacity measurements were 
made using an adiabatic calorimeter (claimed uncertainty 
1 %). Polymers I and VII were amorphous and polymers 11-
VI were semicrystalline (crystallinity not reported). 

Recommended data on the heat capacity of all poly
phenylenedi~ides were obtained by interpolating the auth
or's tabulated data using the spline function technique to 
obtain the heat capacity values at every 10 deg intervals. 
These values are listed :in Table 4. Heat capacity data above 
400 K for all the polyphenylenediamides have also been re
ported. These data are associated with uncharacterized tran
sitions and are not reported here. 

Heat capacity data on two other polyphenylenedia
mides have been reported in the literature. These polymers 
are listed below. 

Poly[oxy-(4-amino-l, 3-phenylene)iminocarbonyl 
(6-carboxy-l, 3-phenylene)oxy(4-carboxy-l, 3-phenylene)
carbonylimino(6-amino~l, 3-phenylene)] (Ref. 29). 

_ ~NHOCY';(0~COHN~ 

o VNH" HOOCV VCOOHHaNV 

Poly[imino-(4, 6-dianilyl-l, 3-phenylene) iminotereph
thaloyI] (Ref. 30). 

The data could not be read accurately from too small graphs. 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

Table 4. Recommended heat capati ty data for polyphcny1enediamides 

_ .... _____________ .i~. L~£.1.~lK-_1 ______ . ___________ _ 

_~~;·-·(K)··~~~_ 1£--· -·---i··la---I!j~1----·~~·iva---=~~v~=-_~y'~~.~_ ._~!.a 

50 

60 

70 

80 

90 

100 

110 

120 

uo 
140 

150 

IbO 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

--280-

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

57.3 

67.5 

77.6 

87.6 

56.1 

65.5 

74.8 

84.0 

5S.6 

64.4 

73.2 

82.0 

57.3 

65.7 

74.1 

82.6 

53.1 

62.3 124 

71.5 149 

80.7 173 

97.3 93.1 90.6 91.1 89.8 196 

160 107 102 99.2 99.9 98.9 218 

174 116 III 108 109 108 238 

188 125 119 116 118 117 258 

Z02 133 128 124 127 126 276 

216 141 136 132 136 135 293 

230 150 145 141 145 144 3a9 

245 158 154 149 153 153 324 

259 166 162 157 162 161 339 

274 174 171 166 170 170 354 

290 182 179 174 179 178 369 

305 191 188 183 187 186 385 

321 200 197 191 196 194 401 

338 209 206 200 205 202 417 

354 219 215 208 214 210 435 

371 228 224 217 223 218 455 

388 238 233 226 232 226 475 

406 247 242 236 &41 235 497 

423 257 252 246 250 244 521 

.441 267 262 -255... 26L 25.4 SM 

458 280 272 265 274 263 569 

476 294 282 274 289 273 593 

311 

330 . 

351 

372 

394 

415 

436 

456 

476 

496 

293 

303 

315 

326 

351 

365 

378 

392 

407 

283 

291 

301 

310 

322 

334 

363 

379 

395 

307 

328 

351 

373 

395 

416 

452 

470 

487 

283 

293 

303 

314 

325 

336 

361 

373 

386 

617 

640 

663 

686 

708 

731 

777 

800 

823 

aThe structural formulae of the po1yphenylenediamides are 

given in the text (sec. 2.2). 

2.3. Polyheteroarylenes 
Polyheteroarylenes, which combine good physical and 

chemical resistance with good solubility in organic solvents 
are widely llsed a..q heat resistance polymers. Six investiga
tions26,28,31-34 have been reported in the literature on the heat 
capacity of polyheteroarylenes. Heat capacity of the follow
ing polyheteroarylenes have been measured. 

VIII. Poly(pyroazolino[3,4-c]quinazoline-3, 5-diyl-l, 
3-phenylenepyroazoline[3, 4-c]quinazoline-5, 3-diyl-l, 4-
phenylene) (formula wt.= 486.52). 

dlctH~ ~I 
::;".. 
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IX. Poly(imino-l, 2-phenylene-4H-l, 2, 4-triazole-3, 5-
diyl-l, 3-phenylene-4H-l, 2, 4-triazole-3, 5-diyl-l, 2-pheny
leneiminoterephthaloyl) (formula wt. = 522.53). 

_HNJ-:-~wl NHOCOCO

o U V 
X. Poly(2, 5-benzoxazolediylmethylene-5, 2-benzoxa

zolediyl-l, 3-phenylene) (formula wt. = 326.36). 

JNYirC~~N>O--\ AJ1 ~ I 
o 0 ""'-

XI. Poly(5, 7-dihydro,..1, 3, 5, 7-tetraoxobenzo[1,2-c:4, 
5-c'] diphyrrole-2, 6[IH,3H]-diyl-l, 4-phenyleneoxy-l, 4-
phenylene) (formula wt. = 382.33). 

XII. Poly [oxy-( 4-amino-l, 3-phenylene)iminocarbon
yl(4, 9-dicarboxytricylo[4.2.2.02

•5]-7-decane-3, IO-diyl)-car
bonylimino-{6-amino-l, 3-phenylene)] (formula wt. = 504.50). 

-aNt;, H00:CCUCOHN~ 
-0 \ I t;,NV 

. NHOC eOOH 

XIII. Poly(hydrazocarbonyl-l, 4-phenylene-2, l-ben
zo[e ]fur6ne:3,]~diyf::l ,--~p1ienyleriecarbonylhydrazotereph
thaloyl) (formula wt. = 528.53). 

-NHNHoe~OQ. euoNHNHOCQCO
I 0 

""'-
o 

XIV. Poly(l, 4-phenylene-l, 3, 4-oxadiazole-2, 5-diyl-l, 
4-phenylene-2, l-benzo[c]furone-3, 3-diyl-l, 4-phenylene-I,. 
3, 4-oxadiazole-2, 5-diyl) (formula wt.= 496.49). 

XV. Poly[6, 6'-bis(3, 3'-diphenylquinoxaline)-2, 2'-diyl-
1, 4-phenyleneoxy-l, 4-phenylene] (formula wt. = 576.66). 

~.'" ~I I """ N N "'" ,,''0 fJr~F\ 
. "'N~N'" ~-/; o-V 

Heat capacity measurements for VIII-XIV have been 
reported by Karyakin and co-workers using adiabatic calori
metry (claimed uncertainty I %) and for XV by Wrasidlo 
using a differential scanning calorimeter (claimed uncertain
ty 2%). All measurements were made on amorphous sam
ples and meet"our standards of acceptable data (discussed in 
Ref. I). 

Recommended data on the heat capacity of all polyhe
teroarylenes were determined by interpolating the authors' 
tabulated data using the spline function technique to obtain 
the heat capacity values at every 10 deg intervals. These val
ues are listed in Table 5. Heat capacity data through the 
transitions for polyheteroarylenes VIII, IX, X, XI, XIII, 
and XIV have also been reported by the authors. These data 
were not retrieved. 

Table S. Recommended heat capacity data for glassy, amorphous 

polyheteroa'!:y'lenes in J mol- 1Ko 1 

==========:::::~:::::::::::::~ 
Temp (K) VIlla IXa Xa Xl a XIl a XlII a XIVa XV a 

60 

70 

80 

90 

100 

no 
120 

130 

140 

150 

160 

170 

180 

190 

zoo 

210 

220 

230 

240 

250 

260 

270 

280 

2·90 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

94; 1 

llZ 

129 

14S 

165 195 120 161 232 

181 212 130 175 252 

197 . 230 140 189 272 

213 248 149 202 292 

229 265 159 215 312 

245 283 169 228 332 

260 300 179 241 352 

276 318 189 254 373 

292 336 199 268 393 

308 353 209 281 415 

524 371 219 294 437 

340 388 230 307 460 

356 406 2~0 319 483 

372 424 250 332 507 

388 441 261 344 532 

404 A59 271 357 557 

420 476 282 370 533 

436 494 293 383 609 

452 

467 

483 

512 303 396 635 

5209 - ;51-4 -41-0- -66-1-

547 325 423 687 

126 

153 

177 

196 

213 

230 

122 

146 

166 

183 

197 

211 

247 226 

265 241 

284 Z57 

302 273 

321 289 

340 305 

360 321 

379 337 

398 354 

417 371 

436 388 

455 406 

474 423 

493 440 

512 456 

531 472 

550 488 

568- -503 

587 519 

686-

719 

499 564 430 606 534 739 

515 

531 

547 

563 

582 

600 

617 

449 625 550 755 

462 

475 

487 

644 

663 

682 

702 

722 

744 

768 

795 

824 

855 

00:; 

912 

935 

952 

964 

973 

979 

983 

566 

583 

602 

622 

643 

666 

689 

713 

737 

760 

701 

801 

817 

776 

791 

806 

823 

842 

857 

875 

895 

913 

927 

S44 

961 

977 

830 995 

840 1009 

848 1024 

854 1042 

S59 1058 

1074 

1090 

1104 

1119 

1131 

1145 

aThe structure formulae of the polyheteroary1enes 

a:re discussed in the text (sec. 2.3). 
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Table 6. Recommended heat capacity data for 11 mol ten 

590 1359 

600 1373 

610 138'> 

620 1393 

630 1402 

640 1413 

650 1426 

660 1436 

670 1445 

680 1457 

690 1467 

7po 1479 

710 1489 

720 1500 

730 1511 

740 1520 

750 1530 

760 1540 

170 1548 

aThe table may contain more significant figures than 

justified by both souce of data and data treatment. The extra 

significant figures are included only for the purpose of smooth 

ropr.,,,, .. ntation. 

in the text (sec. 2.3). 

Heat capacity in the molten state has only been report
ed f01" polyhete1"oarylene XV by Wra.~ldlo_34 The recom
mended data for molten polyheteroarylene XV were deter
mined by curve fitting the author's tabulated data onto the 
equation 

c;, = 1.071 T + 728.3 ] mol- 1 K- 1
• (3J 

The rms deviation was 0.1 %. Recommended data obtained 
from Eq. (3) are listed in Table 6. 

The heat capacity change at the glass transition for po
lyheteroarylene XV (Tg = 573 K) was determined by linear
ly extrapolating the glassy and the molten data and was 
found to be 177.4J mol- 1 K- 1

• 

Heat capacity data on three other polyheteroarylenes 
have been reported in the literature. These polymers are list
ed below. ' 

Poly[oxy-(4-amino-l, 3-phenylene)-I, 4-phthalimide
diyloxy-4, I-phthalimidediyl-( 6-amino-l, 3-phenylene)] 
(Ref. 29). 

Poly[ oxy-(4-amino-l, 3-phenyleneJ-l, 4-phthalimide
diyloxy-(11-oxo-llH)-isoindolo[2,I-a]benzimidazole-2, 8-
diyl] (Ref. 29). 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

Poly[(3,5 diphenyl-benzo[I,2-d:4,5-d ']diimidazol-2, 6-
diyl)-I4-phenylene] (Ref. 30). 

lYY~ F\ 
\W·~NI\..f 

66 
These data could not be read accurately from too small 
graphs. 

2.4 Other Aromatic Polymers 

______ !:!~t capacit~~easurem~nts have been reported on oli
gomericpolylfA-phenylene':( S=phenyf.:t j~phenylene)] (de': 
greeofpolymerization,x = 6.5 ± O.5)byKaryakinetal.35

,36 

from 100 to 600 K. The data could not be read accurately 
from too small graphs. 

Alpaugh and Morrow37 have measured the heat capac
ity of poly(chloroparaxylylene) from 100 to 390 K using 
transient heating techniques. These data are associated with 
large error linlits. Some di1ferential scanning calorimetry 
data over limited temperature range on the same sample 
have a somewhat smaller error limits,however, these data 
could not be read accurately from too small graph. 
. Lebedev et af. 38,39 have' reported the heat capacity of 

polymer made by polycyc1otrimerization of2, 2-bis(4-cyana
tophenyl) propane. These data are on nonlinear polymers 
and antnoiofinterestJnth~study~ 

A large number of commercial phenol-formaldehyde 
polymers have been subjected to heat capacity measure

. ment. These investigations: Warfield el al.,40 Era et al.,41.42 

and Harwood et af. 43 on crosslinked polymeric systems are 
not within the scope of this study. 

3. Recommended Data on Heat Capacity 
and Thermodynamic Properties of 

Inorganic Polymers 
3.1. Poly(dhnethyl siloxane) 

Poly(dimethyl siloxane) is the most widely used inor
ganic polymer. Its repeating unit and formula weight are: 
Si(CH3h-O-, 74.15. Three investigations44,45,63 have been re
ported in the literature on the heat capacity of poly( dimethyl 
siloxane). Turdakin et al.44 and Lebedev et al.45 have report
ed measurements on semicrystalline samples of poly(di
methyl siloxane) over a wide range of temperature. Rastor
guev and Nemzer63 have reported heat capacities for 
poly(dimethyl siloxane) liquids (Mn = 110-74000). The 
heat capacity data of Rastorguev and Nemzer decrease with 
increasing molecular weight by about 15%. Their data for 
the highest molecular weight poly(dimethyl siloxane) is 
about 15% lower than the data of Turdakin etal.44 and Le~ 
bedev et al.45 on molten poly(dimethyl siloxane). Thus the 
data of Rastorguev et al. was not used in this discussion. 

Detai1s of the beat capacity measurements by Turdakin 
et al. and Lebedev et af. are given in Table 7. The data which 
span a wide temperature range are given in Tables AS and 
A6. These tables have been deposited with the Physics Aux .. 
iliary Publication Service. Table A5 lists the heat capacity 
data on the poly(dimethyl siloxane)s below the glass transi .. 
tion temperature, and Table A6 contains data on multcu 
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Table 7. Heat capacity measurements of poly(dimethyl siloxane) 

Investigator Sample Temperature Experimental Source of 
characterization r.ange (K) technique data 

(claimed uncertainty} 

Turdakin l. Semicrystalline 55-300 Adiabatic Table 
et a1. (1976) Mw = 600,000 

(4%) 
[1197] 

Lebedev 2. Semicrystall ine 8- 332 Adiabatic 10-150 K: 
et a1. (1978) c 

= 0.68 
(0.2% ) Table a 

w 220-340 K: [ 1253] 
Equation b 

aAuthors tabulated data were interpolated using the spline function technique 
to obtain heat capacities at every ·ten degree interval. 

bt\uthoT3 tabulated dnta. \ ... crc curve fitted into tho equa.tion 

C
p 

0.1214T + 81.77 J mol- 1K-l (R~IS dev. = 0.2%) 

Table 8. Rp.colllmcr '-J t"C'r.nOllvn~mir Jata for C:P"Iicrystalline 

___ ._....l29.~1.J<.l11~el'~l!. si~oxanc) L~C-= 0.68 :!: O.I!,..:»a 

T (K) ell IlT-lIo Sy-So 

_________ ~_~.~.::.:E21.. __ . (J mo 1._-_)),,--_~(J=----:m::.:o:..:l,--_).:.:l\_--<1 )~ __ 

0.0 0.0 0.0 0.0 

5.0 0.7023 1. 035 0.2842 

10.0 2.804 9.399 1. 361 

15.0 5.572 30.16 3.007 

20.0 8.627· 65.59 5.024 

25.0 11.79 116.6 7.288 

30.0 14.98 183.5 9.719 

40.0 21. 23 364.8 14.89 

50. () 27.23 607.3 20.28 

60. U 32.92 90B.3 25.75 

70.0 38.31 1264 31.23 

80.0 43.42 1673 30.69 

-9"0-.-0 ;rS.-rr 2132 42.0t! 

100.0 52.88 2638 47.41 

110. U 57.2& 31&0 52.66 

120.0 61. 48 3783 5.7.82 

130.0 65.49 4418 62.90 

140.0 69.35 5092 67.90 

146.0lTg ) 71. 59 SSIS 70.85 

146.0(Tg ) 99.30 5515 70.85 

150.0 99.78 5913 73. S5 

160.0 101. 0 6917 80.02 

170.0 102.2 7933 86.18 

180.0 103.4 H9"l 92.0u 

190.ll 101, .6 10001 97.oS 

200.0 105.9 11054 103.1 

210.0 107.1 12119 108.3 

220.0 108.3 13195 113.3 

230.0 109. S 14284 118.1 

240.0 110.7 15385 122.8 

250.0 111.9 16499 127.4 

260.0 113.1 17624 131.8 

270.0 114.4 18762 136.1 

273.15 114.7 19124 137.4 

280.0 115.6 19911 140.2 

290.0 116.8 21073 144.3 

298.15 117.8 22030 147.6 

300.0 11 &.0 7.7.7.47 14R·. "' 

310.0 119.2 23433 152.2 

320.0 120.4 24632 lS6.0 

330.0 121.7 25842 159.7 

340.0 122.9 2706S 163.4 

aThe table may contain more significant figures than justi

fied by both source of data and data treatment. The extra signifi

cant fiv:ures are included only for the purpose of smooth representa

tion. 
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Se~iCryst~lIine IpOIYdi~ethYIS\loxanel 
~ 

V 
LJ 

/ 
50 100 150 200 250 _ 3DO_350 

-remperatu-re (K) 

the equation 

Cp = exp[O.0189189(ln T)3 - O.402175(ln Tf 
+ 3.35144(ln T) - 4.78444] J mol- 1 K- 1• (4) 

The rms deviation was 1.4%. 
The recommended data for molten poly(dimethyl silox

ane) were obtained by curve fitting the molten data into the 
equation 

Cp = 0.121ST + 81.S? J mol-1K- 1• {S} 

The rms deviation was 0.3%. 
Recommended heat capacity cl~!~ __ Q~~ine<l fro~ Eg. 

--(4)~up to 146 -K(~)and rr()nl-146 to 340 K from Eq. (5) are 

FIG. 2. Recommended heat capacity data for semicrystalline poly(dimethyl 
siloxane) (uf = 0.68 ± 0.05). 

given in Table 8 and plotted in Fig. 2. The heat capacity. 
values were further integrated to obtain the thermodynamic 
data for semicrystalline poly(dimethyl siloxane). These data 
are also listed in Table 8. 

poly(dimethyl siloxane)s. The glass transition and the melt
ing regions for both samples extended from 150 to 220 K. 
The heat capacity associated with these transitions show 
large deviations and were not retrieved. Yagfarov et al.46.47 

have also reported heat capacity data in the glass transition 

Heat capacity change at the glass transition for poly(di
methyl siloxane) is 27.71 J mole-1K- 1

• 

3.2. Poly(diethyl siloxane) 
and melting regions (140 to 280 K)_ Two investigations44,48 pave been reported in the litera-

The data on samples 1 and 2 are in good agreement, ture on the heat capacity ofpoly(diethyl siloxane) [repeating 
both are below the glass transition and in the molten state. unit Si(CH2CH3h-O-, formula wt. = 102.2]. The details of 
The changes in the heat capacity at the glass transition these investigations are given in Table 9. The heat capacity 
_(wbi~lt ~~ qY~J9l\mQIphoJ1S_r_egions __ onlY-lJl!e_-a1sojn-good------data-from-60 to 300-K-are-listed-in-T-able lO.-T-he-heat-capac-
agreement (10 ± 1 J mol- 1 K -1). This seems to indicate that ity data are associated with a nUmber of transitions, and the 
crystallinities for both samples would be about the same (we nature of these transitions is not well established.48

,64 More-
= 0.68 ± 0~05). Thus, recommended data have been de- over, the heat capacity data on both the samples differ by 

rived for semicrystalline poly(dimethyl siloxane) of crystal- 2%-9%. Thus, no recommendations for the heat capacity of 
linity 0.68 ± 0.05. poly(diethyl siloxane) are possible at present. 

To determine the recommended data for semicrystal- A rough estimate for ACp (at Tg) was made by extrapo-
line poly(dimethyl siloxane) below the glass transition, the lating the average data on glassy and molten samples. ACp 
data on both the samples up to 140 K were curve fitted into (at Tg = 131 K) was found to be 15.6 J moI- 1 K- 1

• 

Table 9. Heat capacity measurements of poly(diethyl siloxane) 

Investigator Sample no., Temperature Experimental 
characterization range (K) technique 

(claimed uncertainty) 

Beatty and 1. ~w = 112,000 50-300 Adiabatic 
Karasz (1975) (Unreported) 
[48] 

Turdakjn 2. i1 = 1,530 55- 300 Adiabatic 
et al. w 

(0.4% ) 
(1976) t44J 

aAuthor3; ta.bulated data were- curve Citteu. luLu llu::: fulluwlug equaliuns 

60-140K: 1.0987·10-
4

TZ - 0.016778 T + 1.297 J g-lK-l (RMS dey. = 2.3%) 

150-190K: 1.1864·10- 4T2 - 0.033338 T + 3.505 J g-lK- I (RMS dey. = 2.4%) 

200-230K: 3.2433'1O- 4TZ - 0.1382 T + 16.17 J g-lK-l (Rr-IS dey. = 1.6%) 

270-300K: 2.8756·10- 3T + 0.1695 J g-lK-l (Rr-IS dey. = 2.1%) 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

Source of 
data 

Equationa 

Table 
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T:.hle 10. Heat capacity of various poly(aietnyl siloxane)s 

in J mol-1K- 1 

T(K) 

60 47.30 

70 60.71 55.20 

80 65.87 62.57 

90 71.03 69.39 

100 76.19 75.85 

110 81. 34 82.59 

120 86. SO 89.53 

130 96.39 

140 115.1 

150 119.7 

160 124.3 'f 

170 128.9 

180 

190 

200 

210 147.5 IGO~3· 

220 149.8 153.2 

230 152.3 155.6 

240 157.8 

250 160.2 

260 152.4 

270 158.0 164.7 

280 161. 0 167.6 

290 163.8 170.7 

300 166.8 173.6 

aSample numbers correspond to the samples described in 

table 9. 

bSub - glass trans it ion 

cGlass tr.ansi tion 

dCrysta1-crystal transition 

c,le1 ting 

f Heat capacity data associated Idth large endothermic 

effects. 

a 

3.3 Poly(trimethylsilyl ethylene), Poly( dimethyl
phenylsilyl ethylene), and Poly(dimethyl

benzylsilyl ethylene) 

Heat capacity measurements for poly(trimethylsilyl 
ethylene) (repeating unit -CH2-CH[Si(CH3)3]-; formula 
wt. = 100.24), poly(dimethylphenylsilyl ethylene) (repeating 
unit-CH2-CH[Si(CH3hC6H5]-; formula wt. = 162.31) and 
poly(dimethylbenzylsilyl ethylene) (repeating unit -CH2-

CH[Si(CH3h CH2C6C5]-; formula wt. = 176.37) thereafter 
referred to as PTMSE, PDMPSE, and PDMBSE, respec
tively, have been reported by Lebedev et a1.49

-
53 All the mea

surements were made on amorphous samples (Molecular 
weight: PTMSE-775OOO; PDMPSE-20 000; 
PDMBSE-450 000) using adiabatic calorimetry (claimed 
uncertainty, 0.2%) and meet our standards of acceptable 
data (discussed in Ref. 1). 

The heat capacity measurements for PTMSE were 
made over the temperature interval from 60 to 300 K. To 
determine the recommended data, the authors' data were 

Table 11. Recommended heat capaci ty data for glassy 1'01y

ttrimethylsilyl ethylene), polyCdimethylphenylsilyl ethylcne) 

and poly(dimethylbenzy1si1y1 ethylene) a in .J mol- 1K- 1 
---~------------' ._ ....... _ .... - ...... -.. ---.- ._- ... _----_ ..•. _-
______ TCK)_PTMSE .. POl·IPS E PLl~rnSE _ ... _ .. _-_ ... _-

10 :J.290 

20 n.80 

30 30.05 

40 45.31 

SO 48.74 56.15 

60 54.85 58. OS 65.68 

70 63.22 67.15 75.58 

80 7Q.&6. 75,./l§ 85.5 "! 

90 77.58 84.23 95.33 

100 B4. 5 8 92.38 ).04.6 

llU 92.05 99.79 113.2 

120 1)\).5:; 106. )l 121.1 

130 lu6.4 113.9 128.5 

140 112.1 120.6 135.7 

150 117.2 127.1 142.8 

160 122.2 133.6 149.9 

170 120.4 140.1 157.1 

180 130.1 145.2 164.5 

190 . J.33. 4 152.9 172.1 

200 136.5 159.6 179.7 

210 139.7 166.6 188. n 

220 143.1 173.7 196.4 

230- -t4-r:-(}- -1-80,-9- 205.0-

240 151. 5 18B .1 213.h 

250 156.2 195.3 e220.0)b 

260 160.8 202.5 (230.4)b 

270 165.5 209.9 (238.9)b 

280 170.3 217.3 

290 175.1 224.9 

300 180.0 232.4 

aThe table may contain more significant figures than 

justified by both source of data and uata treatment. The extra 

significallt figures are included only for the purpose of smooth 

rcpresentatlon. 

b,\uti)ors'data below 240 K,linearly extrapolated to the 

glass trans i tion. 

interpolated using the spline function technique to obtain 
heat capacity values at every 10 deg interval. These recom
mended data are listed in Table 11 and plotted in Fig. 3. The 
authors have also estimated heat capacities below 60 K. 
These estimated values are considered unacceptable (meth
od of estimation not reported). 

Heat capacity measurement for PDMPSE spans the 
temperature range from 50 to 300 K. Below 50 K the authors 
have estimated heat capacity by curve fitting the data above 
50 K into a one-dimensional Debye equation. These estimat
ed values are considered unacceptable since there is no justi
fication to represent heat capacity data at low temperatures 
(below SO K) using a one-dimensional Debye function. Rec
ommended heat capacity data from 50 to 300 K were ob
tained by interpolating the authors' heat capacity data using 

J. Phys. Chern. Ref. Data, Vol. 12, No.1, 1983 
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280r---~---+---1----+---~---+--~ 

Cp 

(J mor'K-')r----r----t-------+-"'--+--..,. 

1401-------4-

70 r------r-

The heat capacity change at the glass transition for 
PDMSBE was found to be 54.2 J mol- 1 K- 1

• 

3.4. Poly{vlnylene diphenylsilylene) and Poly
(vinylene diphenylgermylene) 

Heat capacity measurements for poly(vinylene diphen
ylsilylene (repeating unit -CH = CH-Si(C6Hsh-, formula 
weight = 208.34), poly(vinylene diphenylgermylene) (re 
peating unit -CH = CH-Ge(C6H5h-, formula wt. = 
252.84) and their alternating copolymer (repeating unit 

o O::'---=L-.::--L..--. _....JJ5-0-. -.2-01-0-_.-. 2......!5-0-_.-3.....LO-O-~_-~-'§Q--~~ __ -:-G.H:::::CR - Si(G6a5h~H ==CH~e(C6H5b-:-::~_formula_ 
Tern peraTUre (K) 

FIG. 3. Recommended heat capacity data for poly(trimethylsilyl ethylene) 
(PTMSE), poly(dimethylphenylsilyl ethylene) (PDMPSE), and po
IY(dimethylbenzylsilyl ethylene) (PDMBSE). 

wt. - 461.18), thereafter referred to as PVDS, PVDG, and 
PVDSVDQ, have been reported by Lebedev et al.54•55 All 
measurements span the temperature range from 10 to 320 K' 
and were made on amorphous samples (Molecular, weight: 
PVDS-1200; PVDG-I400; PVDSVDG-I0 (00) using 

the spline function technique to determine the heat capacity adiabatic calorimetry (claimed uncertainty 0.2%). All the 
values at every 10deginterval. These recommended data are measurements meet our standards of acceptable data (dis-
listed in Table 11 and plotted in Fig. 3. cussed in Ref. 1). 

Heat capacity measurement on PDMBSE from 10 to The recommended data for amorphous PVDS from 10 
330 K have been reported. The heat capacity data from 250 to 200 K were determined by interpolating the authors' tabu-
to 290 K are associated with the glass transition effects (T

g 
lated data using the spline fqllction technique to determine 

= 279 K). From 10 to 240 K, the recommended data were the heat capacity values at every 10 deg interval. The auth-
obtained by interpolating the author's tabulated data using ors' data above 200 K are somewhat higher because they are 
the spline function technique to obtain the heat capacity val- associated with the beginning of the glass transition. The 
les-at-every -t 0 deg-intervat-Heatca-pllcity-values ftom250 'K----r~commended data -from --2-1 O-to-the-glass--transition-{l'g 
iO the glass transition temperature were obtained by linearly = 237) were determined by linearly extrapolating the data, 
extrapolating the data below 240 K. The heat capacity val- below 200 K. The heat capacity values from 180 to 230 K 
ues from 200 to 240 K were curve fitted into the equation. were curve fitted into the equation 

(6) 

The nus deviation was 0.1 %. The recommended data for the 
heat capacity ofPDMBSE from 10 to 240 K were obtained 
by interpolation and from 250 to 270 K calculated from Eq_ 
(6) are listed in Table 11 and plotted in Fig. 3. 

The recommended data for molten PDMBSE were ob
tained by curve fitting the author's data points at 298.15 and 
330 K into the equation 

Cp = 0.5118 T + 157.92J mol-I' K- 1
• (7) 

Recommended data for molten PDMSBE from Eq. (7) are 
listed in Table 12 and plotted in Fig. 3. 

T"bl" 12. R,Qcontm"..nded hl2'?'t c~p:;::llcity (1~t'::I fnT' mnl t"P~ pol y(l'l;mp-t-hyl-

T(K) Heat capacity 

280 301.2 

290 306.3 

300 311. 4 

310 316.6 

320 321. 7 

330 326.8 

aThe table Inay contain more significant figures than 

justified by both source of data and uata treatment. The 

extra significant figures are includeu only for the purpose of 

smooth representation. 

J. Phys. Chern. Ref. Data, Vol. 12, No. 1,.1983 

Cp = 0.7841 T + 25.30 J mol- 1 K- 1
• (7) 

The rms deviation was 0.2%. The recommended values of 
the heat capacity of amorphous PVDS obtained by interpo~ 
lation from 10 to 200 K and from Eq. (7) from 210 to 260 K 
are listed in Table 13. 

The recommended data on the heat capacity of molten 
PVDS were obtained by curve fitting the authors' tabulated 
data from 300 to 320 K into the equation 

Cp = 0.800 T + 91.90 J mol- 1 K- 1
• (8) 

The rms deviatiori was 0.1 %. Recommended heat capacity 
data from Eq. (8) from 270-320 K are listed in Table 14. 

The recommended data for amorphous PVDS from 10 
to 200 K were determined by interpolating the authors' tabu
lated data using the spline function technique to determine 
the heat capacity values at every 10 deg interval. The autb
ors' data above 200 K are somewhat higher because they are 
associated with the beginning of the glass transition. The 
recommended data from 210 to the glass transition (Tg 

= 264 K) were determined by linearly extrapolating the 
data below 200 K. The heat capacity values from 150 to 200 
K were curve fitted into the equation 

Cp = 0.7908 T + 29.20 J mol- 1 K- 1
• (9) 

The rms deviation was 0.1 %. The recommended values of 
the heat capacity of amorphous PVDG obtained by interpo
lation from 10 to 200 K and from Eq. (9) from 210 to 230 K 
are listed in Table 13. 

The recommended data on the heat capacity of molten 
PVDG were determined by curve fitting the authors' tabu-
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Table 13 Recommended heat capacity data for .glassy 

poly(vinylene dipheny1sily1enc). POIYlvWYlene U1I'hClIYlt;Cll1lyl"",,) 

and poly(vinylene diphenylsilylene vinylene diphenylgcTlII)'lene) in 

J mOl- 1K-
1a 

10 6.250 8.452 17.3iJ 

20 21.69 24.77 48.35 

30 36.53 41. 00 70.01 

40 49.30 54.39 95.22 

50 60.56 66.03 120.7 

60 70.85 76.57 143. Z 

70 SO.3R RS 77 lA'? A 

80 89.28 94.27 17~). ::l 

90 97.68 102.7 195.5 

100 105.7 110.7 210.6 

110 113.5 118.4 225.7 

120 12Ll 125.7 240.1l 

130 128.5 13.3.1 256.0 

140 135.9 140.4 271.1 

150 143. :; 148.0 286. Z 

160 1 50.8 155.4 301.2 

170 158.3 163. Z 316.1 

180 166.1 171. 0 331. :; 

190 174.2 179.1 346.8 

200 182.6 187.5 362. S 

Llu ll:/U. U) h (lS7.a)b 379. " 

-Z-2-\l- f-l-9.1-,-8-:)E -{~~ -J-9-6 •. E 

230 (205.7)b (2l6.4)b 414.0 

240 (213.5)1:> 431. R 

250 (221. 4)1:> 449.8 

260 (22.9.2)b (466.8)c 

270 (484.3)c 

280 (SOL 7)c 

290 (SI9.2)c 

300 (536.6)c 

aThe table may contain more significant figures than 

justified by both source of data and data treatment. The' extra 

significant figures are included only for the purpose of smooth 

represellta tion. 

bAuthors' tabula1::ed data below 200 K, linearly extra

polated to the glass transition. 

CAuthors' tabulated data below 250 K, linearly extra-

polated to the glass transition 

lated data from 250 to 325 K into the equation 

Cp =0.5406 T + 174.24 J mol- 1 K- 1
• (10) 

The rms deviation was 0.2%. Recommended heat capacity 
data from Eq. (IO) are listed in Table 14. 

The recommended data for amorphous PVDSVDG 
from 10 to 250 K were determined by interpolating the auth
ors' tabulated data using the spline function t'echnique to 
obtain the heat capacity values at every 10 deg interval. The 
authors' data above 250 K are somewhat highcr bccausc 
they are associated with the beginning ofthe glass transition. 
The recommended data from 260 to the glass transition (Tg 

= 301 K) were determined by linearly extrapolating the 

Table 14. Recommended heat capacity data. for mol ten 

'poly(vinylene dipheny1silylene), polY(YlnyIene 

diph~nylgermylene) and poly (vinylene dipheny 1 s il y lene 

diphenylgermylene)a in J mol-1K- 1 

T(K) 

240 

250 

260 

270 

280 

290 

-300 

310 

320 

PVDS 

307.9 

315.9 

323.9 

--3~3~I-;~ 

339.9 

347.9 

PVDG 

304.0 

309.4 

314.8 

320.2 

325.6 

331. 0 

341. 8 

347.2 

PVDSVDG 

671. 7 

691. 0 

aThe table may contain mQre significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are i.nclud.eu only for the purpose of 

smooth .representation. 

data below 250 K. The heat capacity values from 200 to 240 
K were curve fitted into the equation 

Cp = 1.744 T + 13.48 ~ mol- 1 K- I
• (11) 

The rms deviation was 0.1 %. The recommended values of 
the heat capacity of amorphous PVDSVDG obtained by in
cer-polation.fr.om-lO-to-250-K-andir.om-Eq.-(11J-fr.om.260-to 
300 K are listed in Table 13. 

The recommended data on the heat capacity of molten 
PVDSVDG were determined by curve fitting the authors' 
tabulated data 301 and 320 K into the equation 

Cp = 1.926 T + 74.58 J mol- 1 K- 1
• (12} 

The recommended heat capacity data from Eq. (12) are listed 
in Table 14. 

The heat capacity change at the glass transition for 
PVDS, PVDG, and PVDSVDG are 70.7, 79.5, and 116.0 J 
moi- l K-I, respectively. Assuming additivity of JCp (at 
Tg), the estimated JCp for the alternating copolymer 
PVDSVDG is 150.2 J mol-I K -I. This is significantly high
er than tl1e recommendedJCp of 116.0 J mol- 1 K- 1

• 

Recommended heat capacity data for PVDS, PVDG, 
and PVDSVDG are plotted in Fig. 4. 

750----~--~--~--~--~--~--~ 

.,/ 

600~--~--+---+---~--~PVD~VDG 

.+-----+---4-./"~_ k 300 --- PVDG I PVDS 
I 

150 ---

0 0 50 100 150 200 250 300 350 
T~lll~e(ulur~ (K) 

FIG. 4. Recommended heat capacity data for poly(vinylene diphenylsily
lene) (PVDS). poly{vinylene diphenylgermylene) (PVDG). and their 
alternating copolymer (PVDSVDG). 
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3.5. Poly(diethnyl diphenylsilylene) and Poly
(diethnyl diphenylgermylene) 

Heat capacity measurements for poly(diethnyl diphen
ylsilylene) [repeating unit -C==C-Si(C6H5h-C==C-; for
mula wt. = 230.34] and poly(diethnyl diphenylgermylene) 
[repeating unit . -C==C-Ge(C6H5h-C==C-; formula 
wt. = 274.85] thereafter referred to as PEPS and PEPG, 
have been measured by Lebedev et af. 56-58 The measure
ments were made using adiabatic calorimetry (claimed un
certainty 0.5%) on amorphous samples of somewhat low 
molecular weight (Mn = 3000 for PEPS and 4500 for 

-PEPG). -All-the measurements meet our standards of accep
table data (discussed in Ref. 1). 

The heat capacity measurements on PEPS span the 
temperature range from 70 to 330 K. The authors' data were 

Table 15. Recommended. heat capacity data for glassy 

poly(Jicthnyl dipheny1silylene) and 

10 ( 0.4187) ( 6.870) 

20 (10.89 ) (24.80 ) 

30 ( 27.05 ) (39.70 ) 

40 (42.71 ) (51. 98 ) 

50 (56.99 J (62.91 ) 

-6(J- ro-9-:0-9----j (T3:SrJ 

70 80.39 83.97 

80 90.44 94.13 

90 98.40 103.9 

100 106.4 113.2 

110 113.9 122.0 

120 121. 4 130.3 

130 131. 9 138. Z 

140 139.4 146.0 

150 146.6 153.8 

160 155.8 161. 6 

170 162.9 169.5 

180 172 .1 177 .6 

190 183.8 185.8 

200 192.2 194.1 

210 204.7 202.6 

220 215.6 211. 2 

230 226.1 219.9 

240 237. a 228.7 

250 248.7 237.5 

260 260. a 246.3 

270 271. 7 255. a 

280 284.7 263.7 

290 296.9 272.4 

300 309.2 281. a 
310 325.1 289.6 

320 337.7 298.1 

330 349.4 

aThe table may contain more Significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smooth representation. 
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400~--~--~---'---'---'---'---' 

Cp 

(Jmor'K") 

160r---~---+----~ 

801----1-~~ 

----50----100 150 200 -- 250300--350 
Temperature (K) 

FIG. 5. Recommended heat capacity' data for poly(diethnyl dipeheneylsily
lene) (PEPS) and poly(diethnyl diphenylgermylene) (PEPG). 

interpolated using the spline function to obtain the recom
mended heat capacity values from 70 to 330 K in every 10 
deg interval. Below 70 K, the preliminary recommended 
data were obtained using the authors' fitted Tarasov equa
tion 

Cp = 6.263 {Dl(416.0/T) . 

- 0.3[Dl(124.8/T) - D3(124.8/T)]}. (13) 

These recommended data on the heat capacity of amorphous 
PEPS-are-listed-in-Table 15 and-plottedin-Fig:-5. 

Heat capacity measurement on PEPG extend from 12 
to 320 K. The authors' graphical data from 20 to 50 K and 
tabulated data above 50 K were interpolated to obtain the 
recommended heat capacity values at every 10 deg interval. 
The data point at 10K was calculated from the authors' 
fitted Debye equation 

Cp = 3D3(81/T). (14) 

These recommended data on the heat capacity of amorphous 
PEPG are listed in Table 15 and plotted in Fig. 5. 

3.6. Polysulfones 

Heat capacity measurements for poly(propene sulfone) 
(repeating unit CH2-CHCH3 .... S02-; formula wt. = 106.14), 
poly(l-butene sulfone) [repeating unit CH2-CH(C2Hs)-S02' 
tonnula weight = 120.17] and poly(l-hexene sulfone) [re-

250~--~----~----~----~---.----, 

200~---+----~----r----+----1-- I 
Cp ~_.l-----f---j_PH~S _I 

(Jmor'K") .------ PBS I 

100 

50 

50 100 150 200 250 300 
Temperature (K) 

FIG. 6. Recommended heat capacity data for poly(propene sulfone) (PPS), 
poly(l-butene sulfone) (PBS), and poly(l-hexene sulfone) (PHS). 
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Table 16. Recommended heat capacity data for 

poly(propene sulfone), poly(l-butene sulfone) 

===--==:::==~~~:~:~J~~~:~~~~:~~:~~J~:~~ __ ~~ .. ~~~~;~~ -1 _-===== 
_____ ._T(K) ____ ~. __ ._~ ___ PHS 

20 8.165 13.40 

30 14.03 22.99 

40 20.10 32.99 

50 26.13 42.67 

60 31.65 51. 25 

70 36.94 59.40 

so 42. OS 67.37 

90 47.04 75.22 

100 51.71 59.08 82.94 

110 56.04 64.51 90 .. 52 

120 60.17 69.88 97.82 

130 64.24 75.15 105.0 

140 68.21 80.31 111. 8· 

150 71. 98 85.32 118.4 

160 75.62 90 .10 124.7 

170 79.23 94. S 7 130.7 

180 82.90 98.81 136.5 

190 86.68 103.0 14 Z. 3 

200 90.4<1 107.2 148.2 

210 94.06 111.6 lSI. 2 

220 97.56 116.0 160.4 

230 101. 0 120.3 166.6 

_~~S _l.9~,_1 UA... ~_ 172.9 . 

250 107.4 128.3 179.2 

260 110.5 132.3 18S.5 

270 113.6 136. :; 191. 8 

2BO 116.8 140.3 198.1 

290 120.3 143.9 204.3 

300 124.0 147.4 210.7 

aThe table may contain more significant figures than 

justified by both source of data and data treatment. The extra 

Significant figures are included only for the purpose of smooth 

representa tion. 

peating unit CH2-CH(C4H9)-S02- formula wt. = 148.23] 
thereafter referred to as PPS, PBS, and PHS have been re
ported by Dainton et al.65 The measurements were made 
using adiabatic calorimetry (claimed uncertainty 1 %). The 
measurements meet our standards of acceptable data (dis
cussed in Ref. 1). The authors' tabulated values are listed in 
Table 16 and plotted in Fig. 6. 

3.7. Other Inorganic Polymers 

Heat capacity measurements for poly(2,3,4,5-tetra
phenyl-I, I-diethnyl-l-germocyclopentadiene) have been re
ported by Kiparisova et al. 59 The chemical structure of the 
repeating unit is (formula wt. = 490.13) 

The heat capacity was measured from 10 to 300 K using an 

Table 17. Recommended heat capacity data for glassy 

poly (2,3,4,5- tetraphenyl-l, 1-diethny 1-1-

germocyclopen tadiene) a 

T(K) Heat Capacity 

(J mol- 1 K- 1) 

10 8.631 

20 42.11 

30 63.47 

40 84.18 

50 105.5 

60 124.6 

70 141.4 

-SO 156.6 

90 170.6 

100 184.3 

110 198.1 

120 212.0 

130 226.2 

140 240.6 

ISO 255.1 

160 269.8 

170 284.8 

180 299.9 

190 315.1 

200 330.6 

210 346.) 

220 362.1 

230 37 B. 0 

240 39.t.2 

250 410.4 

260 426.8 

270 443.2 

no 4;9 _ 7 

290 476.3 

300 492.9 

aThe table may contain Illore significant figures than 

jU5tif~ed by both source of data and uata treatment. The extra 

significant figures are inc1udeu only for the purpose of smooth 

rcpresen ta tion. 

adiabatic calorimeter (claimed uncertainty 0.2%) on an 
amorphous sample. The measurement meets our standards 
of acceptable data. The recommended data were detenmned 
by interpolating the authors' tabulated data using the spline 
function technique to obtain heat capacities at every 10 deg 
interval. These recommended data are listed in Table 17 and 
plotted in Fig. 7. 

Heat capacity measurements for polyphenylsilses
quioxane have been reported by Tikhomova et af. 60 The 
chemical structure of the repeat unit is (formula 
wt. = 258.28) 

The heat capacity was measured from 68 to 300 K using 

J. Phys. Chern. Ref. Data, Vol. 12, No.1, 1983 
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600~--~--~----~--~----~---J500 

5001----1-------1----1---+1):-_-/ r7140~ 
C

p m p 
(Jmorll\') I (JmorlK') 

300 ~- ~200 

200 ---r- i_II Ill[· I 110°0 

10~1-~ I .... 
o 50 100 150 200 250 300 

Temperature (K) 

FIG. 7. Recommended heat capacity data for poly(2,3,4,5-tetraphenyl-l, 1-
diethnyl-l-germocyclopentadiene) (I), polyphenyls,ilsesquioxane 
(II). and Poly[ethylene-N-(fJ-trimethylsilylethyl)imine] (III). The 
data for polyphenylsilsesquioxane have been moved upwards by 100 
J mol- 1 K- 1• 

Table 18. Recommended heat capacity data for glassy 

po1yphenyls ilscsqu Loxallc :1 

T(K) Heat capacity 

__________ • ___ ->.;.(J-=nlO:..;:1;....---=l"c:......-_1_"-) --------

10 

20 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

( 3.936) 

(33.29 ) 

(61---'-S-6-T-

(87.67 

{llO.5) 

(129.4) 

l4S.l 

158.7 

171. 2 

183. B 

197.4 

211. 8 

226.9 

242.4 

257.9 

273.3 

288.6 

303.7 

318.9 

334.1 

349.5 

3.64_9 

380.6 

396.4 

412.4 

428.7 

445.1 

461.6 

478.2 

494.9 

"file table may contain more slgnlf1cant fIgures tllall 

justified by both source of data and data treatment. The 

extra significant fi!:ures are included only for the purpose 

of smooth rC1Jresentation. 
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an adiabatic calorimeter (claimed uncertainty 0.3%) on an 
amorphous sample. The measurement meets our standards 
of acceptable data. The authors have extrapolated their heat 
capacity data to 0 K using a Tarasov equation (8-tempera
tures not reported). The authors' data (extrapolated data be
low 68 K and smoothed experimental data above 68 K) were 
interpolated using the spline function teChnique to obtain 
recommended heat capacities at every 10 deg interval. These 
recommended data are listed in Table 18 and plotted in Fig. 
7. The values in parenthesis are preliminary data from the 
Tarasov extrapolation. 

Heat capacity measurements for p<lly[ethylene-N-(f3-
trimethyl-- shylethyfjiIDinerTrepeaii~g -~nit--CH2CH2N 
(CH2CH2Si(CH3h), formula wt. = 143.31) have been report
ed by Lebedev and co-workers.61

,62 The measurements 
which span the temperature range from 60 to 304 K were 
made on an amorphous sample using an adiabatic calori-

Table 19. Recommended heat capacity data for amorphous 

~~~~hy1ene N- (i3-t.rimethylsilylethyl) i.minc] a 

TCK) flea t capacity 

(J m01- 1,,-1) 
-----~---.-

10 r 2.595 ) 

20 (12.40 

30 (28.36 ) 

40 (42.59 ) 

SO l 54.04 

60 66.32 

70 77.54 

80 87.80 

90 97.31 

100 106.3 

llO 114.9 

120 123.3 

130 131.6 

140 139.8 

1 SO 148.0 

160 156.3 

170 1M.8 

1&0 173.3 

190 182.1 

200 191.1 

Z09( T.c:) 199.3 

209(Tg ) 246.2 

2IO 246.8 

llO Z51. :5 

230 255.8 

240 260. :5 

250 264.7 

260 269.2 

270 273.7 

280 278.2 

290 2SZ.7 

30U 287.2 

"T/\C ta/He lIlay cOnttll11 morc slgnlflr..:alll flgun:~ thall 

justifieu oy both source of data and data treatmant. The 

extra significant figures arc includcu only for the flllq)OS~' 

of smooth rellres~ntation. 
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meter (claimed uncertainty 0.5%). The measurement meets 
our standards of acceptable data (discussed in Ref. 1). To 
detennine the recommended heat capacity data below the 
glass transition, the authors' tabulated data on glassy poly
mer from 60.6 to 200.9 K was curve fitted into the equation 

Cp = exp[O.182552(ln Tf - 2.61942(ln Tfl 

+ 13.3373(ln T) 20.4634] cal mol- 1 K- 1
• 

(15) 

The nns deviation waS 0.3%. To determine the recommend
ed data above the glass transition, the authors' tabulated 
data on molten polymer from 213.2 to 304.6 K were curve 
fitted fntoiheequation - -- -

Cp = 0.1072 T + 36.42 cal mol- 1 K- 1
• (16) 

The nns deviation was 0.2%. The preliminary recommend
ed data below 60 K were obtained from authors' Tarasov 
curve fitted equation 

Cp = 7{D1(505.5IT} - 0.2[D1(I01.1IT} -D3(I01.I/T)]}. 

(17) 

The preliminary data from 10 to 50 K obtained from Eq. 
(17), from 60 to 209 K obtained from Eq. (15), and from 209 
to 30 K obtained from Eq. (16) are listed in the Table 19 and 
plotted in Fig. 7. The heat capacity change at the glass transi
tion Tg = 209 K is 46.9 J mol- 1 K- 1

• 

4. ConcliiSions 
The heat capacities of the following polymers are re

viewed on the basis of 36 measurements reported in the liter
ature: 

poly(4,4'-isopropylidenediphenylene carbonate 
poly[carbonylimino(6-hydroxy-l, 3-phenylene)methy

lene-(4;..hydroxyl-l, 3-phenylene)iminocarbonyl-l, 3-phe
nylene], 

poly(imino-l, 2-phenyleneiminoisophthaloyl), 
poly(imino-l, 3-phenyleneiminoisophthaloyl), 
poly(imino-l, 4-phenyleneiminoisophthaloyl), 
poly(imino-I, 2-phenyleneiminoterephthaloyl). 
poly(imino-l, 3-phenyleneiminoterephthaloyl), 
poly(imino-3, 5-pyromellitolylimino-I, 4-phenylene-

oxy-l,4-phenylene), 
poly(pyroazolino[3,4-C]quinazoline-3, 5-diyl-l, 3-

phenylenepyroazoline[3,4-C]quinazoline-5, 3-diyl-I, 4-phe
nylene), 

poly(imino-l, 2-phcnylcne-4I1-1,2,4-triazole-3, 5-diyl-
1, 3-phenylene-4H-l, 2, 4-triazole-3, 5-diyl-l, 2-phenylenei
minoterephthaloyl), 

poly(2. 5-benzoxazolediylmethy1ene~5> 2-benzoxazole
diyl-l,3-phenylene), 

poly(5, 7-dihydro-l, 3, 5, 7-tetraoxobenzo[I,2-c:4,5-
c']diphyrrole-2, 6[lH,3H]-diyl-l, 4-phenyleneoxy-I, 4-phe
nylene), 

poly[ oxy(4-amino-I, 3-phenylene)iminocarbonyl-( 4,9-
dicarboxytricyclo[ 4.2.2.02

•
5
]_ 7 -decane-3, 1 O-diyl )carbony Ii

mino-(6-amino-l, 3-phenylene)], 
poly(hydrazocarbonyl-l,4-phenylene-2, I-benzo[ c ]fur

one-3, 3-diyl-I, 4-phenylenecarbonylhydrazoterephthaloyl), 
poly(l, 4-phenylene-l, 3, 4-oxadiazole-2, 5-diyl-1, 4-

phenylene-2, I-benzo[c]-furone-3, 3-diyl-l, 4-phenylene-l, 

Table 20. Heat capacity change at the glass transition 

Polymer 

Poly (4.4' - boproryl idenediphenyl carbonate) 

Poly[6. 6' -bis (3,3 '- bipheny lquinoxaline) - 2,2' 

d i ~·1-1. 1 phc:n)'lcncoxy 1.4 phcnylcnc: J 

Poly(dilllethyl siloxanc) 

Poly(dicthyl siloxane) 

Poly (ll imethyl henzyl s ilyl ethylene) 

Poly(vinylene diphenyisilylene) 

Poly (viny lene d iphenylgermylene) 

__ !,jJb·LY.i.!lxlJm~_diph_enl'lsjt}:lene vinylene 

d iph enyl germy lene) 

Poly [e thylcnc-:;- (13- tr imethyl s i lyle thyl) im inc I 

Tg (K) 

418 

S 73 

146 

131 a 

279 

264 

237 

301 

209 

:lC;las~ transition temperature not \,c11 established. 

bEstimated value. 

48.5 

177.4 

27.7 

l5.6b 

S4.2 

70.7 

79.5 

116.0 

46.9 

3, 4-oxadiazole-2, 5-diyl), 
poly[6,6'-his(3,3'-diphenylquinoxaline)-2, 2'-diyl-l, 4-

phenyleneoxy-l, 4-phenylene), 
poly(dimethyl siloxane), 
poly(diethyl siloxane), 
poly(trimethylsilyl ethylene), 
poly(dimethylbenzylsilyl ethylene), 
poly(vinylene diphenylsilylene). 
PQ!y(yinylene_~iP-hel!y:lg~x!!!y~em~),-
poly(vinylene diphenylsilylene vinylene diphenylger-

mylene). 
poly(diethnyl diphenylsilylene), 
poly(diethnyl diphenylgermylene), 
poly(2,3,4,5-tetraphenyl-l, 1,~diethnylgermocyclopen-

tadiene), 
polyphenylsilisesquioxane, 
poly[ ethylene-N -(p-trimethylsilyethyl)-imine], 
poly(propene sulfone), 
poly( I-butene sulfone), 
and poly(l-hexene sulfone). 
A set of recommended data is dervied for each polymer. 

Entropy and enthalpy functions have been derived for 
poly(4,4' -:isopropylidenediphenylene carbonate) and poly~ 
(dimethyl siloxene) only. 

Recommended heat capaCity data on these polymers 
are being analyzed in terms of their chemical structure to 
derive heat capacities for various structural units and updat
ed heat capacity addition scheme.66-68 The results of this 
analysis will be reported at a later date 

Heat capacity change at the glass transition, for poly
mers discussed in this paper, for which recommended heat 
capacity data are available in their glassy and molten states 
are listed in Table 20. These ~Cp(Tg) data are being ana
lyzed, along with other..d Cp (Tg ) data for other linear macro
molecules in terms of the hole theory of the glass transi
tion.67

•
69 The results of this analysis will also be reported at a 

later date. 
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